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(54) Device for separating a mixture of fluids 

(57) A device (1) for separating a mixture of fluids 
having a feed inlet (2), a gas outlet (3), an outlet (4) for 
the lighter liquid and an outlet (5) for the heavier liquid, 
which device comprises a normally horizontal supply 
pipe (12) with the feed inlet (2) at its upstream end, an 
inclined pipe (15) having a closed lower end (18), a gas 
discharge system (20) communicating with the gas out- 
let (3), a discharge system (30) for lighter liquid commu- 



nicating with the outlet (4), and a discharge system (40) 
for heavier liquid communicating with the outlet (5), 
wherein the diameter of the supply pipe (1 2) is selected 
such that during normal operation the velocities of the 
liquids are below a pre-determined value, wherein the 
ratio of the length of the supply pipe (12) to its diameter 
is larger than 10, and wherein the slope of the inclined 
pipe (15) is selected such that during normal operations 
a stratified flow is maintained in the inclined pipe (15). 
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Description 

[0001] The present invention relates to a device for 
separating a mixture of fluids, which mixture comprises 
gas, a lighter liquid and a heavier liquid, into the three 
phases, gas, lighter liquid and heavier liquid. Such a 
mixture of fluids is for example a mixture of gas, hydro- 
carbon oil and water that is produced from a subsurface 
reservoir. 

[0002] Russian patent publication No. 2 077 364 dis- 
closes a device for separating a mixture of fluids into 
three phases, gas, lighter liquid and heavier liquid, hav- 
ing a feed inlet, a gas outlet, an outlet for the lighter liquid 
and an outlet for the heavier liquid, which device com- 
prises: 

an upwardly inclined supply pipe with the feed inlet 
at its upstream end; 

a downwardly inclined pipe having an inlet at its up- 
per end that is connected to the outlet of the supply 
pipe and having a closed lower end; 
a gas discharge system having an inlet that is locat- 
ed in the gas-filled space and an outlet that is in fluid 
communication with the gas outlet of the device; 
a discharge system for lighter liquid having an inlet 
that is located in the lighter liquid-filled space and 
an outlet that is in fluid communication with the out- 
let for lighter liquid of the device; and 
a discharge system for heavier liquid having an inlet 
arranged at the lower end of the downwardly in- 
clined pipe and an outlet that is in fluid communica- 
tion with the outlet for heavier liquid of the device. 

[0003] During normal operation, a mixture of gas, 
lighter liquid and heavier liquid is supplied to the feed 
inlet of the separation device. The mixture passes up- 
wards through the upwardly inclined supply pipe to- 
wards the inlet of the downwardly inclined pipe. In the 
upper end of the downwardly inclined pipe, gas is sep- 
arated from the liquids that fall downwards towards the 
lower end of the downwardly inclined pipe. Gas, lighter 
liquid and heavier liquid are separately removed from 
the device via the respective outlets. 
[0004] A disadvantage of the known separation de- 
vice is that turbulence is generated in the upwardly in- 
clined feed pipe and that counter current flow prevails 
in the downwardly inclined pipe, which phenomena ad- 
versely affect the separation efficiency of the device. 
[0005] It is an object of the present invention to pro- 
vide a device for separating a fluid mixture that has an 
improved separation efficiency, which separation device 
is specifically intended for fluid mixtures which have 
been transported in an upstream pipeline under such 
conditions that pre-separation has occurred so that the 
fluid mixtures arrive in the form of a stratified flow. 
[0006] To this end the device for separating a mixture 
of fluids into three phases, gas, lighter liquid and heavier 
liquid, having a feed inlet, a gas outlet, an outlet for the 



lighter liquid and an outlet for the heavier liquid, accord- 
ing to the present invention comprises: 

a normally horizontal supply pipe with the feed inlet 
5 at its upstream end; 

an inclined pipe having an inlet at its upper end that 

is connected to the outlet of the supply pipe and 

having a closed lower end; 

a gas discharge system comprising a gas riser hav- 
10 ing an inlet that is located in the gas-filled space and 

an outlet that is in fluid communication with the gas 

outlet of the device; 

a discharge system for lighter liquid having an inlet 
that is located in the lighter liquid-filled space and 

is an outlet that is in fluid communication with the out- 
let for lighter liquid of the device; and 
a discharge system for heavier liquid having an inlet 
arranged below the bottom level of the supply pipe 
and an outlet that is in fluid communication with the 

20 outlet for heavier liquid of the device, 

wherein the diameter of the supply pipe is selected such 
that during normal operation the velocities of the liquids 
are below a pre-determined value, wherein the ratio of 

25 the length of the supply pipe to its diameter is larger than 
1 0, and wherein the slope of the inclined pipe is selected 
such that during normal operations a stratified flow is 
maintained in the inclined pipe. 
[0007] Applicant had found that stratified flow in the 

30 supply conduit is maintained if the diameter of the supply 
pipe is selected such that during normal operation the 
velocities of the liquids are below a pre-determined val- 
ue, and if the ratio of the length of the supply pipe to its 
diameter is larger than 10. Moreover wherein the slope 

35 of the inclined pipe can be selected such that during nor- 
mal operations a stratified flow is maintained in the in- 
clined pipe. 

[0008] In the specification and in the claims, the ex- 
pression 'gas-filled space' is used to refer to the space 
40 that is filled with gas during normal operation, and the 
term 'lighter liquid-filled space' is used to refer to the 
space that is filled with the lighter liquid during normal 
operation. 

[0009] The invention will now be described by way of 
45 example in more detail with reference to the accompa- 
nying drawings, wherein 

Figure 1 shows schematically a first embodiment of 
the invention, and 
50 Figure 2 shows schematically a second embodi- 
ment of the invention. 

[0010] Reference is now made to Figure 1 . The device 
1 for separating a mixture of fluids into three phases, 
ss gas, lighter liquid and heavier liquid, has a feed inlet 2, 
a gas outlet 3, an outlet for the lighter liquid 4 and an 
outlet for the heavier liquid 5. The feed inlet 2 is provided 
with a flange 9 for connecting a pipeline (not shown) 
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thereto. 

[0011] The separation device 1 comprises a normally 
horizontal open-ended supply pipe 12 with the feed inlet 
2 at its upstream end and having an outlet 1 3 at the op- 
posite end, and an inclined pipe 1 5 having an inlet 17 at s 
its upper end that is connected to the outlet 13 of the 
supply pipe 12 and having a closed lower end 18. 
[0012] The separation device 1 further comprises a 
gas discharge system 20 comprising a gas riser 22 hav- 
ing an inlet 23 that is located in the gas-filled space 25 
and an outlet 26 that is in fluid communication with the 
gas outlet 3 of the separation device 1 . To enable re- 
moving the separated liquids, the separation device 1 
comprises a discharge system 30 for lighter liquid hav- 
ing an inlet 32 that is located in the lighter liquid-filled 
space 35 and an outlet 36 that is in fluid communication 
with the outlet 4 for lighter liquid of the separation device 
1 , and a discharge system 40 for heavier liquid having 
an inlet 42 arranged in the heavier liquid-filled space 45 
which is the space that is filled with the heavier liquid 
during normal operation, below the bottom level of the 
supply pipe 1 and an outlet 46 that is in fluid communi- 
cation with the outlet 5 for heavier liquid of the separa- 
tion device 1 . 

[001 3] The diameter of the supply pipe 1 2 is selected 
such that during normal operation the velocity of the 
lighter liquid (oil) is below 0.05 m/s and that the velocity 
of the heavier liquid (water) is below 0.2 m/s. The ratio 
of the length of the supply pipe 1 2 to its diameter is larger 
than 10. In order to preserve the stratified flow in the 
inclined pipe 15, the downward slope is selected within 
a predetermined range, suitably between 1° and 3° from 
the horizontal plane. 

[0014] During normal operation a feed comprising 
gas, lighter liquid and heavier liquid is passed from the 
pipeline (not shown) into the feed inlet 2 of the separa- 
tion device 1 . The flow regime in the separation device 
is stratified, so that gas fills the gas-filled space 25, light- 
er liquid the lighter liquid-filled space 35 and heavier liq- 
uid the heavier liquid-filled space 45. Gas is removed 
through the discharge system 20 for gas, lighter liquid 
through the discharge system 30 for lighter liquid and 
heavier liquid through the discharge system 40 for heav- 
ier liquid, and the fluids leave the separation device 1 
separately through the outlets 3, 4 and 5. 
[0015] Because the configuration of the open-ended 
supply pipe 12 and the inclined pipe 15 is selected such 
that stratified flow is preserved and further stabilized, 
the separation device 1 according to the present inven- 
tion has an excellent separation efficiency. 
[0016] Variations in the elevation of the interface 63 
between the lighter and the heavier liquid that may occur 
during normal operation can be controlled by means of 
the means for controlling the relative volumetric flow 
rates of the liquids flowing through the outlet for heavier 
liquid and the outlet for lighter liquid. The discharge sys- 
tem 30 for the lighter liquid further comprises means 50 
for controlling the volumetric flow rate in the outlet 4 for 



lighter liquid, and the discharge system 40 for the heav- 
ier liquid further comprises means 50' for controlling the 
volumetric flow rate in the outlet 5 for heavier liquid. 
[0017] In the embodiment of the invention as shown 
in Figure 1, the means 50 for controlling the volumetric 
flow rate in the outlet 4 for lighter liquid comprises a riser 

52 and an overflow chamber 53. The overflow chamber 

53 has a gas outlet 54 that is in fluid communication with 
the gas discharge system 20 by means of open-ended 
conduit 56, and a liquid outlet 57 that is in fluid commu- 
nication with the outlet 4 for the lighter liquid of the sep- 
aration device 1 by means of conduit 59. The inlet of the 
riser 52 is the inlet 32 of the discharge system 30 for 
lighter liquid, and the outlet end 60 of the riser 52 ex- 
tends into the overflow chamber 53. 

[0018] The means 50' for controlling the volumetric 
flow rate in the outlet 5 for heavier liquid comprises a 
riser 52' and an overflow chamber 53'. The overflow 
chamber 53' has a gas outlet 54' that is in fluid commu- 
nication with the gas discharge system 20 by means of 
open-ended conduit 56', and a liquid outlet 57 1 that is in 
fluid communication with the outlet 5 for the heavier liq- 
uid of the separation device 1 by means of conduit 59'. 
The inlet of the riser 52' is the inlet 42 of the discharge 
system 40 for heavier liquid, and the outlet end 60* of 
the riser 52' extends into the overflow chamber 53'. Fur- 
thermore, the means 50' include a flow control valve 61 
arranged in the riser 52'. 

[001 9] The relative elevation of the outlet ends 60 and 
60* of the risers 52 and 52' and the pressure drop in the 
device and over the flow control valve 61 control the rel- 
ative volumetric flow rates of the liquids flowing through 
the outlet for heavier liquid and the outlet for lighter liq- 
uid. However, the total volumetric flow rate is not affect- 
ed. In this way the level of the interface can be selected, 
and variations thereof can be controlled. Applicant had 
found that when the volumetric flow rate of the heavier 
liquid (water) is relatively low, the heavier liquid is less 
contaminated with the lighter liquid (oil). 
[0020] Suitably the inclined section 15 has a prede- 
termined minimum length to diameter ratio of 15. 
[0021] The riser 52 of the discharge system for lighter 
liquid 30 comprises inclined section 91 and a vertical 
section 92 connected to the outlet end of the inclined 
section 92, wherein the inclined section 91 is upwardly 
inclined with respect to the direction of fluid flow through 
the separation device 1 during normal operation. 
[0022] Reference is now made to Figure 2 showing 
schematically a second embodiment of the present in- 
vention. This embodiment is an installation 100 with sev- 
eral separation devices 1a, 1b, 1c, 1d and 1e in parallel. 
The installation 1 00 for separating a mixture of fluids into 
three phases, gas, lighter liquid and heavier liquid, has 
an inlet 110 for the mixture of fluids, a gas outlet 111, an 
outlet 112 for the lighter liquid and an outlet 113 for the 
heavier liquid. The installation 1 00 comprises a flow dis- 
tribution system 120 having at its upstream end the inlet 
110 for the mixture of fluids and five outlets 121, 122, 
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123, 124 and 125, five separation devices 1a, 1b, 1c, 
1d and 1e as described with reference to Figure 1 . The 
feed inlet 2a, 2b, 2c, 2d, or 2e of each device 1 a, 1 b, 1 c, 
1d or 1e is connected to one of the outlets 121, 122, 
123, 124 or 125 of the flow distribution system 120. 
[0023] The installation 100 further comprises a gas 
gathering system 1 30, which gas gathering system 1 30 
has inlet (not shown) for each separation device 1a, 1b, 
1c, 1d and 1e, which inlet is in fluid communication with 
the gas outlet (not shown) of the separation device, and 
has an outlet that is the gas outlet 11 1 of the installation 
1 00. The installation also comprises a gathering system 
140 for lighter liquid, having one inlet (not shown) for 
each device 1a, 1b, 1c, 1d and 1e, which inlet is in fluid 
communication with the outlet (not shown) for lighter liq- 
uid of the separation device, and has an outlet for lighter 
liquid that is the outlet 112 for lighter liquid of the instal- 
lation 100. Furthermore the installation 100 comprises 
a gathering system 150 for heavier liquid having one in- 
let (not shown) for each separation device 1a, 1b, 1c, 
1d and 1e, which inlet is in fluid communication with the 
outlet (not shown) for heavier liquid of the separation 
device, and has an outlet that is the outlet 1 1 3 for heavier 
liquid of the installation 100. 

[0024] Suitably, the outlets 121, 122, 123, 124 and 
125 can be the outlets of inclined pipes (not shown). 
[0025] This embodiment is particularly suitable if large 
volumes have to be handled. 



Claims 

1 . A device for separating a mixture of fluids into three 
phases, gas, lighter liquid and heavier liquid, having 
a feed inlet, a gas outlet, an outlet for the lighter 
liquid and an outlet for the heavier liquid, which de- 
vice comprises: 



wherein the diameter of the supply pipe is selected 
such that during normal operation the velocities of 
the liquids are below a pre-determined value, 
wherein the ratio of the length of the supply pipe to 
s its diameter is larger than 1 0, and wherein the slope 
of the inclined pipe is selected such that during nor- 
mal operations a stratified flow is maintained in the 
inclined pipe. 

10 2. Device according to claim 1 , wherein the discharge 
system of the heavier liquid, or the discharge sys- 
tem of the lighter liquid, or both discharge systems 
include(s) means for controlling the relative volu- 
metric flow rates of the liquids flowing through the 

'5 outlet for heavier liquid and the outlet for lighter liq- 
uid. 

3. Device according to claim 2, wherein the means for 
controlling the relative volumetric flow rates com- 

20 prises an overflow chamber having a gas outlet that 
is in fluid communication with the gas discharge 
system and a liquid outlet that is in fluid communi- 
cation with the corresponding outlet for liquid of the 
device, and a riser of which the inlet is the inlet of 

25 the corresponding discharge system and of which 
the outlet end extends into the overflow chamber. 

4. Device according to claim 3, wherein the riser fur- 
ther includes a flow control valve. 

30 

5. Device according to any one of claims 1 to 4, where- 
in the discharge system for lighter liquid includes a 
riser, which riser has an inclined section and a ver- 
tical section connected to the outlet end of the in- 

35 dined section, wherein the inclined section is up- 
wardly inclined with respect to the direction of fluid 
flow through the device during normal operation. 



a normally horizontal supply pipe with the feed 
inlet at its upstream end; 40 
an inclined pipe having an inlet at its upper end 
that is connected to the outlet of the supply pipe 
and having a closed lower end; 
a gas discharge system comprising a gas riser 
having an inlet that is located in the gas-filled 45 
space and an outlet that is in fluid communica- 
tion with the gas outlet of the device; 
a discharge system for lighter liquid having an 
inlet that is located in the lighter liquid-filled 
space and an outlet that is in fluid communica- so 
tion with the outlet for lighter liquid of the device; 
and 

a discharge system for heavier liquid having an 
inlet arranged below the bottom level of the 
supply pipe and an outlet that is in fluid com- 55 
munication with the outlet for heavier liquid of 
the device, 



6. Device according to any one of the claims 1-5, 
wherein the slope of the inclined pipe is between 1° 
and 3°. 

An installation for separating a mixture of fluids into 
three phases, gas, lighter liquid and heavier liquid, 
having an inlet for the mixture of fluids, a gas outlet, 
an outlet for the lighter liquid and an outlet for the 
heavier liquid, the installation comprising: 

a flow distribution system having at its up- 
stream end the inlet for the mixture of fluids and 
at least two outlets; 

at least two devices for separating a mixture of 
fluids into three phases, gas, lighter liquid and 
heavier liquid according to any one of the 
claims 1 to 6 arranged parallel to each other, 
wherein the feed inlet of each device is con- 
nected to one of the outlets of the flow distribu- 
tion system; 
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a gas gathering system having one inlet for 
each device, which inlet is in fluid communica- 
tion with the gas outlet of the device, and having 
an outlet that is in fluid communication with the 
gas outlet of the installation; s 
a gathering system for lighter liquid, having one 
inlet for each device, which inlet is in fluid com- 
munication with the outlet for lighter liquid of the 
device, and having an outlet for lighter liquid 
that is in fluid communication with the outlet for 10 
lighter liquid of the installation, and 
a gathering system for heavier liquid having 
one inlet for each device, which inlet is in fluid 
communication with the outlet for heavier liquid 
of the device and having an outlet that is in fluid is 
communication with the outlet for heavier liquid 
of the installation. 
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